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Abstract 
Three novel applications of surface acoustic wave (SAW) sensor systems in the steel industry are presented: radio frequency 
identification (RFID) and temperature monitoring of slide gate plates, monitoring of the temperature inside a lining of a 
metallurgical vessel and RFID tagging of slag ladles. The motivation, the system requirements and constraints of the sensor 
design and the sensor integration are discussed. Results of field trials of the SAW sensor systems within the steel plants are 
presented.  
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Surface acoustic wave (SAW) sensors can be requested via a radio signal, are robust and can endure elevated 
temperatures [1]. As a further advantage, SAW sensors are passive devices without any batteries because they earn 
their energy from the electromagnetic request signal. Together with reasonable read out ranges SAW sensor systems 
are well suited for industrial applications like torque sensing [2], tire 
pressure monitoring [3] or temperature monitoring of power 
transmission lines [4]. Beyond that SAW transponder systems operating 
in the ISM-band at 2.44 GHz have also the ability to transmit an 
identification number (ID) and can thus be used for classical radio 
frequency identification (RFID) tasks under severe environmental 
conditions [5]. Three novel applications of SAW RFID and wireless 
sensing in the steel industry are described in this paper. A reflective 
delay line on a LiNbO3 crystal substrate with an Ti/Al multilayer 
metallization was utilized. It was packaged in a metallic housing with 
two glass feedthroughs (Fig. 1) and can withstand temperatures up to 
400°C for several hours [6]. In addition to the ID also its temperature 
can be transmitted with this type of SAW tag. 
* Corresponding author. Tel.: +43 4242 56300 200; fax: +43 4242 56300 400. 
E-mail address: rene.fachberger@ctr.at. 
Fig. 1. SAW tag in open metal housing
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2. RFID and temperature monitoring of slide gate plates 
An RFID sensor system to track slide gate plates and furthermore to continuously monitor the temperature during 
steel casting was developed. The sensor system should help to optimize the casting process and as a consequence 
reduce costs by improving slide gate plate logistics, maximizing individual plate usage, and minimize unscheduled 
casting interruptions. Slide gates, as shown in Fig. 2, are large valves, which are used to regulate the flow of liquid 
steel [7]. The flow is controlled via the overlap of two holes, one in each of the two refractory plates. During casting 
these ceramic plates are exposed to high temperatures of more than 1500°C, high mechanical loads of several tons 
of liquid steel, and chemical attack by e.g. alloys. Depending on the steel grade, the throttling, and the casting time 
the plates have to be replaced after a certain time before a critical degree of wear is reached. 
A major challenge was to integrate the transponder into the slide gate plate because its shape had to be 
maintained. The far end of the slide gate plate was chosen for the sensor position, at a maximum distance from the 
casting hole (Fig. 3) to reduce the temperature load, because close to the casting hole temperatures of more than 
1500°C occur. A high temperature stable dipole transponder was realized by laser welding two wires onto the 
connecting pins of the SAW tag. The dipole transducer was protected by a glass ceramic body made of Macor®. 
These parts were completely integrated and fixed into the slide gate plate with a mortar. This design had a high 
stability against mechanical impacts, which the slide gate plates are exposed to during the steel production process. 
The sensor system was tested during several casting sequences at the continuous caster and additional measure-
ments were carried out before and after the casts at the maintenance station. During the first casting sequence of a 
slide gate plate (ID #4845) the measured temperature increased steadily from 140°C up to 180°C (Fig. 4). The 
measurement transmission was delayed for 28 min because the system had to be setup at first. During the second 
cast the temperature kept rather constant at approximately 250°C. The casting time of this cast was shorter because 
of a different steel grade. For this cast the slide gate plate was already pre-heated from the first cast and the 
temperature of the hot slide gate mechanics also influenced the recorded plate temperature. The highest temperatures 
were measured after casting at the maintenance station, where temperatures of 320°C and above were recorded. 
Slide gate plates
Fig. 2. Cross-sectional view of a slide gate system for casting liquid 
steel. The slide gate system is mounted to the bottom of the ladle, 
which is a vessel to transport liquid steel. The flow of the liquid metal 
depends on the overlap of the holes in the two slide gate plates. The 
transponder was integrated in the upper slide gate plate. 
Fig. 3. Dipole transponder in the protective housing (inset), which is 
integrated into the slide gate plate and fixed with mortar. 
Fig. 4. Diagram of measured temperature profiles of a slide gate plate 
(ID #4845) during casting and maintenance.
Fig. 5. Undamaged SAW metallisation (left) after test in the steel 
plant. SAW metallisation (right) with minor damage after test in the 
steel plant. The tag was still operating.
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Several slide gate plates were tested in this manner. Some plates were used for up to four consecutive casting 
sequences. All tested transponders survived the casting process without significant damage. In most cases a slight 
decrease in the signal strength of 2 to 5 dB was observed. After opening the metal housing the corresponding SAW 
devices showed no damage to the SAW metallisation (Fig. 5, left). In one case a signal decrease of 7 dB was 
observed. However, the identification number and the temperature of this tag could still be correctly read but the 
SAW device showed an increased degradation of the metallisation (Fig. 5, right), presumably due to a leakage of the 
metal housing. 
3. Monitoring of the temperature inside a lining of a metallurgical vessel 
The sensor system should be able to measure temperatures in a refractory lining of a metallurgical vessel during 
the drying process. The wall of such a vessel for molten metals (e.g. transport ladle, tundish etc.) consists of a thick 
outer steel shell, a refractory permanent lining and a refractory wear lining, as shown in Fig. 6. In the case of a 
monolithic lining concept the wear lining is a castable, which is applied to the vessel wall as a wet ceramic mix with a 
water content of approximately 25%. It is very important that the lining is dried out completely and does not contain 
any free or bonded water, before it gets in contact with the molten metal [8]. Rapid evaporation of water in the lining 
causes dangerous steam explosions. Via temperature monitoring it would be possible to ensure that the lining has 
been heated sufficiently and that the water has evaporated completely. Such vessels are transported through the plant 
hence corresponding sensors must be able to be interrogated wirelessly for easy handling. 
Fig. 6. Two SAW sensor units with sensor head, cable link and 
transponder antenna 
Fig. 7. Temperature in the lining during drying measured with a SAW 
sensor unit 
As it is not possible to transmit radio frequency (RF) signals through the metallic shell (e.g. 20 mm steel) a 
modular sensor design was developed. The sensor head, which contained the SAW sensor, was connected via a robust 
coaxial cable to the transponder antenna. Two magnets on the transponder antenna were used to attach the sensor unit 
to the steel shell. Different cable lengths can be used as different locations of the sensor head in the lining are of 
interest, examples are shown in Fig. 7. To protect the device from the aggressive atmosphere emerging during the 
drying process it was encapsulated in the sensor head, which was a moisture-tight steel cap. For the signal 
transmission a semi-rigid coaxial cable with a steel mantle, center conductor and a polytetrafluorethylene (PTFE) 
dielectric was selected. The link to the sensor and to the transponder antenna was realized with water resistant RF 
connectors. To achieve maximum temperature stability the whole sensor assembly was kept free of any soldered 
junctions. The electrical interconnections were realized by laser welding in combination with crimp contacts.  
The sensor unit was tested in a drying sequence of a tundish wear lining. The wall of the tundish consisted of a 
steel shell with a thickness of 20 mm and a permanent lining with a thickness of 135 mm. The sensor unit was 
inserted into a hole of the tundish wall and the transponder antenna was attached to the steel shell with the magnets. 
Afterwards the castable was mixed with water and applied to the inner wall with a thickness of approximately 40 mm. 
With the selected cable length the sensor head reached into the wear lining by 30 mm and was covered with 10 mm 
castable. The tundish was dried for 180 min with a gas burner, until the exhaust fumes had reached a temperature of 
600°C. These are the standard parameters for such a tundish configuration. The SAW signal was stable during the 
whole time and showed temperatures of up to 250°C, as shown in Fig. 7. Although the magnitude of the SAW signal 
decreases with elevated temperatures, it is still possible to decode the data at a range of 10 cm. At the outer wall of the 
vessel maximum temperatures of 56°C were measured. 
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4. RFID tagging of slag ladles 
Recycling processes of slag coming from the converter and stored in special slag ladles strongly depends on the 
slag composition. A correlation of the casting process and the slag ladle is recommended. For an automatic transport 
logistics a SAW transponder for identification was placed directly on the ladle. The transponder had to withstand 
temperatures of up to 350°C and heavy mechanical shocks during emptying of the ladle. An exemplary system 
configuration is shown in Fig. 8 and Fig. 9. In spite of the metallic surrounding and coexisting WLAN a readout 
distance of 5 m had been achieved. 
Fig. 8. Schematic illustration of the RFID system configuration for 
slag ladles 
Fig. 9. SAW transponder mounted on a slag ladle (red arrow) 
5. Conclusions 
Three novel applications of RFID and wireless sensing in the steel industry with SAW tags were presented. The 
results demonstrate the robustness, reliability and high potential of SAW transponder technology in harsh industrial 
environment and elevated temperatures. 
Acknowledgements 
This work was partly funded within the Kplus program, coordinated by the Austrian Research Promotion Agency 
(FFG). 
References 
[1] J. Hornsteiner, E. Born, and E. Riha, "Langasite for high temperature surface acoustic wave applications," Physica Status Solidi A, vol. 163, 
pp. R3-4, 1997. 
[2] A. Lonsdale and N. Schofield, "An integrated low cost sensor for the direct torque control of brushless DC motors," Machines for IEE 
Colloquium on Automotive Applications (Digest No. 1996/166), pp. 6-1-6/7, 1996. 
[3] A. Pohl, G. Ostermayer, L. Reindl, and F. Seifert, "Monitoring the tire pressure at cars using passive SAW sensors," Proc. of IEEE 
Ultrasonics Symposium, vol. 1, pp. 471-474, 1997. 
[4] L. Reindl, G. Scholl, T. Ostertag, A. Pohl, and R. Weigel, "Wireless remote identification and sensing with SAW de-vices," Proc. of IEEE 
Int. workshop on commercial radio sensor and commun. techniques, pp. 83-96, 1998. 
[5]  C. Bernauer, H. Böhme, S. Grossmann, V. Hinrichsen, et. al., "Temperature measurement on overhead transmission lines utilizing surface 
acoustic wave (SAW) sensors," 19th International Conference on Electricity Distribution, 2007. 
[6]  CTR AG, datasheet of SAW Tags, 2008 
[7] W. Hoeller, E. Luehrsen, and M. Wiesel, "Refractory Components for Control and Shrouding of Steel Flows," CN-Refractories, vol. 6, no. 3, 
pp. 63-71, 1999. 
[8]  P. Meunier, J.-C. Mindeguia, P. Pimienta, “Mass, Temperature and pressure measurements during the dry out of refractory castables”, 51st 
International Colloquium on Refreactories 2008, pp 95-98 
R. Fachberger, A. Erlacher / Procedia Engineering 5 (2010) 224–227 227
